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THE LATE AUGUST HURRICANE from 7:20 to 7:42, at which time the lowest 


sea-level pressure during the storm's course was 


"iN A CATEGORY just under the great cp 
Gea . ang i observed: 28.17 inches. Wind instruments were 

Fie anes of Florida history,” is where ied 03 | t 1 110-mil 
TOUR? Carrier away t O09 \ sustaine “nie 

Grady Norton, USWB hurricane expert at Mi 4 Pas : ‘ : 


northeast wind. with gusts of 125 m.p.h. 
ami, places the storm that swept over the lower “Tl biel be of, , " ‘a 
east coast of Florida on August 26th, following he highest velo ty actua ly recorded in the 
cour very imilar t that f the great storm was northeast 153 m.p.h. at Jupiter light 
oe a ink . : - q - si : h . rth , ae & Pn > 
Okeechobee storm of 1928. It passed northward house (nort! f Palm Beach), at which speed 
over the Atlantic states and across the northern 
tip of Maine on the evening of August 29th 
It had steadily lost intensity throughout this 


the anemometer failed, but the observer re- 
ported still stronger gusts after that. In Palm 
Beach, a privately owned anemometer gave top 
| : ] 
gusts of 155 m.p.h. (instrument accuracy I 
journey but remained, nevertheless, an excep sap t ent ceahahe insta, Mea 
‘ hk neni checked). Water piled up 12 feet on the south 
ionally severe storm 
It fj » ceed’ in the storms t east side of Lake Okeechobee, but the dikes held 
Was rs adiscoverec e to lative stay . - . 
“yee Re Rios WOE pee meatless ail Che heaviest rains were 9.51 inches at St. Lucie 
Ss ees ee oe ng wee ; ; Lock (near Stuart), 8.18 inches at Belle Glade 
St. Martin, Leeward Islands. The accompany- 1 7.63 “ae Rig M II nie 
ant Oo mches at SLeibourne 

ine chart shows its course and the maximum . 1] hescii 14 7 | 
- - ,osses to all crops, including mullion boxes 
wind velocities at various stations in the Florida vt I s ‘ — 
area Che eve first crossed the Florida shore 
at Del Ray about 6:00 p.m. on the 26th. Dead 
calm prevailed at West Palm Beach Airport 


(Continued on page 100) 
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The devastation that was part of Vanport, Oregon, after the Columbia River dike broke in June, 


1948, and flooded the entire city. 


American Red Cross photograph by Goldsmith. 


The Role of the Atmosphere 
in the Hydrologic Cycle 


GEORGE S. BENTON, civil ENGINEERING DEPARTMENT 


JOHNS HOPKINS UNIVERSITY 


UE TO THE IMPORTANCE of water to 
human civilization. the occurrence and 
movement of water in its various forms has 
heen the subject of speculation and investiga- 
Many 


it was realized that some sort 


tion since earliest times. centuries 
before Christ 
of a cycle must exist whereby water moved 
from the oceans to the continents and then 
hack to the oceans again. However. from the 
heginnings of recorded history to the present 
day. the importance of the atmosphere in the 
hydrologic cycle has been consistently under- 
estimated by philosophers. engineers. and 
scientists. Knowledge of the function of the 
atmosphere in the water cycle has always 
lagged behind other phases of hydrologic in- 
vestigation. Mankind has been unable to ap- 
preciate the extreme mobility of the atmos- 
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phere and the tremendous quantity of oceanic 
water vapor which it carries to the interiors 
of the continents. 

Until the latter part of the 17th century. 
the atmosphere was generally thought to be 
of secondary significance in the hydrologic 
cycle. It was believed that the volume of 
water precipitated on the earth was far too 
flow of 


account for the observed 


In addition, it was thought that 


small to 
streams. 
precipitation penetrated only the uppermost 
layers of the ground and could therefore not 
be the source of springs which fed the rivers 
Both of these erroneous 
Aris- 
totle (384-322 B.c.) wrote: “The water com- 
ing out of the earth unites with the rain water 
to produce rivers. The rainfall alone is quite 


in time of drought. 
views had been accepted for centuries. 
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insuficient to supply the rivers of the world 
with water.” The Roman philosopher Seneca 
.4B.c. - 65 A.D.) declared: “Rainfall cannot 
possibly be the source of springs because it 
penetrates only a few feet into the Earth 
whereas springs are fed from deep down.... 
As a diligent digger among my vines | can 
afirm my observation that no rain is ever so 
heavy as to wet the ground to a depth of 
more than ten feet.” 

Many interesting theories were advanced 
to explain the flow of rivers. Plato (427- 
347 B.c.) believed that water from the oceans 
moved under the continents in subterranean 
channels and eventually reached the surface 
of the earth as springs. This view was widely 
accepted, and it was advocated in a somewhat 
modified form by such eminent scientists and 
philosophers as Kepler (1571-1630) and 
Descartes (1596-1650). The latter believed 
that the subterranean ocean water was evap- 
orated by the heat of the earth, and that the 
vapor was condensed at higher levels. even- 
tually to flow out upon the continents through 
springs. 

One of the earliest recorded statements of 
the true role of precipitation in the hydro- 
logic cycle was made by Leonardo da Vinci 
(1452-1519), who suggested that precipita- 
tion was the sole Source of surface runoff. 
However, it was not until the first scientific 
studies of the hydrologic cycle in the latter 
part of the 17th century that this view gained 





studies 


substantial favor. Credit for these 
goes to three scientists: Perrault, Halley, and 
Mariotte. Perrault estimated the precipita- 
tion and runoff from the watershed of the 
Seine River above a point in Burgundy, and 
showed that the quantity of water which fell 
on the watershed as precipitation was actually 
larger than the surface runoff 
from the area. Halley made crude measure- 
ments of evaporation, and showed that evap- 
is more than ade- 


many times 


oration from the oceans 


account for water supplied to 
streams. Mariotte verified Perrault’s results 
for the watershed of the Seine above Paris. 
He also demonstrated that precipitation in- 
filtrates into the ground to great depths and 
that springs generally increase their flow in 


quate to 


weather and diminish in times of 


These investigations clarified the 


rainy 
drought. 
most important fact concerning the role of 
the atmosphere in the hydrologic cycle: 
namely. that the return flow of water to the 
continents occurs through the atmosphere. 
Despite the conclusive character of the evi- 
dence. however, the new theories were only 
gradually accepted, and the ancient hypothe- 
sis of an underground return of water to the 
continents was not entirely abandoned until 
the 19th century. 

With the rapid growth of modern science 
in the 18th. 19th, and early 20th centuries. 
knowledge of many phases of the hydrologic 
cycle developed at an accelerating rate. Prob- 





LATE AUGUST HURRICANE 


(Continued from page 98) 


THE 


estimated at 20 million 


25 million, all in 


were 
damage at 
Piedmont section of the Caro 


fruits, 
dollars, property 
Florida. In the 
linas the storm was damaging, 
four or more tornadoes in North Carolina and 
a final one at Tidewater, Virginia Even in 
upstate New York and New England the storm 
remained destructive, breaking the long drought 

Excellent Weather Bureau warnings for this 
storm kept loss of life 
persons, both of whom 
While the total monetary 
lion dollars in four southern states was huge, it 


ot citrus 


very spawning 


down to a mere two 


tailed to heed advices 


loss of over 52 mil 


was probably a minimum to be expected from 
such a violent natural phenomenon. 

This was the second hurricane of the current 
season to affect the continental United States 
The first was charted over the Atlantic on 
August 21st, but skirted Cape Lookout and Cape 
Hatteras and turned out to sea, as the accom 


panying chart shows. me. 
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lems of infiltration and surface runoff, of 
soil water and ground water movements, and 
of evaporation and transpiration were in- 
vestigated carefully. Nevertheless. the role 
of the atmosphere in the hydrologic cycle re- 
mained comparatively unknown. Beyond the 
fact that precipitation was the ultimate source 
of all fresh continental water, little or noth- 
ing was known regarding the large-scale pat- 
atmospheric movement of water 
vapor. Undoubtedly, the basic reason for 
this was the lack of upper-air wind and hu- 
midity data, which, together with the lack of 
a qualitative understanding of the manner in 
which the atmosphere itself functions, led to 
the unfortunate development of significant 
misconceptions concerning the basic charac- 
ter of the hydrologic cycle. 

During the last century, the hypothesis 
was advanced that the greater part of the 
moisture which was precipitated over the 
continents was water which had previously 
been acquired by the atmosphere by the 
processes of land evaporation and transpira- 
tion. This view of the hydrologic cycle min- 
imized the flux of water in the atmosphere 
from the oceans and essentially equated such 
flow to the water lost by the continents as 
surface runoff and subsurface seepage. Little 
or no important evidence was advanced to 
substantiate this theory, which was _ based 
upon the age-old inclination to underestimate 
the mobility of the atmosphere and its tre- 
mendous power to transport water in vapor 
form. The theory of a land-derived source of 
advocated during the 
prominent climatologists 


terns of 


precipitation was 
19th century by 
and hydrologists; it is also firmly established 
in recent literature. Thus, in 1934. the 


National Resources Board reported: 


A considerable portion of the precipitation over 
any region is derived from local evaporation 
from that region. Only that part of the pre- 
cipitation reflected as runoff in streams of the 
region draining into the ocean is derived from 
ocean sources, 


Or, to take another example, an eminent 
American hydrologist wrote in 1943 that “lit- 
tle or no vapor of truly oceanic origin may 
ever reach small tributary areas at the head- 
waters of large rivers.” 

The acceptance of this point of view had 
numerous consequences. Several meteorolo- 
gists and hydrologists suggested the land 
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source of precipitation as an explanation of 
the observed tendency of rainy days to fol- 
low rainy days and dry days to follow dry 
For. according to this view, increased 
follow in- 


days. 
precipitation 
creased evapo-transpiration, and the proc- 
evapo-transpiration, 


would naturally 


esses of precipitation, 
and re-precipitation would become a “chain 
reaction” which would continue until surface 
runoff depleted the supply of available water. 
During the droughts of the 1930°s, proposals 
were advanced for increasing precipitation 
over wide areas by stimulating evaporation 
and transpiration at the expense of runoff. 
This would certainly be an important and 
useful technique. if the basic assumption on 
which the proposal was based were justified. 

The theory of land-derived precipitation 
was first attacked by Holzman in an excellent 
paper published in 1937. Holzman based 
his study on newly available upper-air wind 
and humidity data and advanced the hypothe- 
sis that essentially all precipitation is derived 
from oceanic water He maintained 
that precipitation occurs from maritime air 
masses; that evapo-transpiration occurs into 
continental air masses; and that since the air 
masses are distinct. there can therefore be no 


vapor. 


important physical connection between the 
processes of evapo-transpiration and precipi- 
tation. Nevertheless. Holzman was unable to 
advance conclusive proof of these statements. 
Although he utilized upper-air data to dem- 
onstrate that maritime air moving over a con- 
tinent suffers a net loss of moisture content, 
he did not show that essentially all precipita- 
tion occurred from maritime air. Similarly, 
although he demonstrated that continental 
air gains in water content as it moves from 
its source region over external continental 
areas. he did not show that essentially all 
evaporation into continental air 
masses. His argument that there could be no 
important physical connection between evapo- 
transpiration and precipitation was therefore 


occurs 


weakened. 

Although the theory of an oceanic source 
for precipitation has been widely accepted by 
meteorologists as a result of their familiarity 
with the scale of atmospheric motions, the 
lack of adequate proof of this hypothesis pre- 
vented many hydrologists from rejecting the 
older beliefs. Indeed. some attempts are still 
made to defend the theory of a land-derived 
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The relationship between the hydrologic and 


air-mass cycles. 





Drawing by Eric Sloane, after 


the author. 


source of precipitation. However. these at- 
tempts are uniformly based either upon spee- 
ulation or upon erroneous hypotheses con- 
cerning the functioning of the atmosphere. 

It will be constructive to summarize at this 


time what modern meteorologists do know 
about the role of the atmosphere in the hy- 
drologic cvcle. It is clear that a close re- 


lationship exists between the hydro!ovie cy 
This relationship is 
Maritime air 


and the air-mass cycle. 
shown here diagrammatically. 
masses moving over the continents result in 
the influx of a tremendous quantity of water 
To this 
amount is added water which is evaporated or 
The sum 


in vapor form (arrow labelled a). 


transpired from land surfaces (h). 

of these two must be balanced by loss of 
water either by return over the oceans (b): 
by precipitation from the maritime air (/): 
or by transfer of water from maritime to con- 
tinental air The latter 
transfer can be effected in several ways. Part 


masses (c and e). 
of the maritime air remains over the conti- 
nents and is modified to form continental air. 
The fact that the air which undergoes this 
transition includes a certain amount of mois- 
ture enables fresh continental air to have a 
certain initial moisture charge in its source 
region. The transfer of water from maritime 
to continental air represented by this process 
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is indicated in the diagram by the arrow 
labelled C. 


air can gain water from maritime air are by 


Other ways in which continental 


mixing across the frontal surfaces separating 
the air masses. and by the evaporation of pre- 
cipitation falling from a maritime air mass 
through an underlying continenial air mass. 
The net transfer of water from maritime to 
continental air due to mixing or to evapora- 
tion of falling precipitation is shown by the 
labelled e. 


as a group. we have the relationship that over 


arrow Considering the processes 


a long period of time: 
ets=6+¢+ € + f. 
A similar balance may be set up for con- 
tinental air. To the initial moisture charge 
of the continental air (c) is added moisture 


from maritime air (e) and moisture from 
evaporation and transpiration from land sur- 
faces (j). This total amount of water must 
he equal on the average to moisture losses 
due to precipitation from the continental air 
(g) and to a net transport ef moisture from 
the continent by the continental air (d). 
Thus. we may also write: 


+ d. 


In order to complete the picture of the 


e+j—g 


c+ 


hydrologic cycle. arrows have been entered 
representing runoff from the continents. and 
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precipitation and evaporation over the 
For the 


must balance runoff and evapo-transpiration, 


oceans. continents. precipitation 
and hence: 
i+ S:%7 + & 
For the oceans. precipitation plus runoff 
from land areas must balance evaporation. 
and hence: 
k+m=n. 

On the basis of measurements of precipi- 
tation and runoff from land areas, it is pos- 
sible to assign relative weights to certain of 
Thus 
if total precipitation over continental areas 
is 100 units (f + g 100). the runoff from 
the continents to the oceans is approximately 
30 units (hk 30), and total 
evaporation and transpiration will be approx- 
70). 


it can also be deduced that oceanic evapora- 


the above rates of moisture transport. 


continental 


imately 70 units (h + j From this 
tion must exceed oceanic precipitation by 30 
Furthermore. Holz- 
work that 
from maritime air exceeds evapo-transpira- 


units (30 m nr. 


mans has shown precipitation 
tion into maritime air (f > h). and that 
evapo-transpiration into continental air ex- 
ceeds from continental air 
(j > g). 


lack of knowledge of the role of the atmos- 


precipitation 
Nevertheless, it is indicative of our 


phere in the hydrologic cycle that. with the 
exception of runoff (k). 
individual 
transport in the diagram have been made. 


measurements of 
none of the rates of moisture 
Even careful estimates of the comparative 
magnitude of most of these quantities are not 
available in the literature. 

In a recent study.! however. the present 
author in collaboration with R. T. Blackburn 
and V. O. Snead has utilized a slightly modi- 
fied diagram in making a careful analysis of 
the hydrologic balance of the Mississippi 
watershed. In this study. the individual rates 
of moisture flux have been estimated for the 
first time. The results have served not only 
to clarify the relationship between the hydro- 
logic cycle and the air-mass cycle. but also 
to present estimates of the percentage of pre- 
over the watershed 


Mississippi 


cipitation 
which is land-derived in origin. As most 
meteorologists would anticipate. the results 
largely confirm the hypothesis advanced by 
most of the has 


Holzman: precipitation 


!'To be published in the Transactions of the American 
Goophysical Union. 
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oceanic water vapor as its direct source; only 
a small percentage can be traced to land 
evapo-transpiration. Not more than 10 per 
cent of the precipitation within the Missis- 
sippi Valley can be traced to evapo-transpira- 
tion from within the valley, and probably not 
more than 12 to 14 per cent can be traced 
to land evapo-transpiration from any source. 
either internal or external to the watershed. 
The consequences of this fact are clear. 
Since such a low proportion of the total pre- 
cipitation is land-derived, even for such a 
large watershed. it must follow that increases 
in evapo-transpiration due to changes in land 
use will have only a small effect on precipi- 
tation. Although the amount of precipitation 
will vary from year to year and century to 
century. these variations will primarily be a 
function of such variables as the intensity of 
hemispheric circulations. Precipitation is not. 
and cannot be. a “chain reaction.” 
Nevertheless. the percentage of precipita- 
tion that is land-derived is large enough to 
warrant a word of caution. If as much as 
12 or 14 per cent of the total precipitation 
over the Mississippi watershed is land-de- 
rived, then possibly as much as 20 or 30 per 
cent of the precipitation over a local area 
may be traced to land sources. For example. 
it is possible that evapo-transpiration into 
maritime tropical air in the southern part of 
the United States may add measurably to pre- 
cipitation in North Dakota. 
Whether or not this is actually the case can 


Minnesota or 


only be determined by further study. Never- 
theless. even if true. this relationship could 
hardly be of economic significance. Due to 


the extreme mobility of the atmosphere. the 
land sources for precipitation in one region 
are bound to be hundreds or even thousands 
of miles away from that region. Increasing 
or decreasing precipitation even slightly by 
local regulation of land use is therefore out 
of the question. 

Unquestionably. the hydrometeorologist of 
today has a considerable task ahead of him. 
Mass movements of water vapor in the atmos- 
phere must be charted in all parts of the 
world. The study of the role of the atmos- 
phere in the hydrologic cycle has lagged far 
behind the study of other phases of the cycle. 
By utilizing and improving the measurements 
of upper-air conditions this deficiency can 
and will be remedied. 


WEATHERWISE 103 








Co-operative observer, Mrs. T. B. Gillespie, of St. Augustine Beach, Florida, is reading the chart 


of her recording rain gage. 


and rain gage. Mrs. Gillespie is a 


Also shown are the 
member of the 


standard Weather Bureau thermometer shelter 
Amateur Weathermen of America. 


The Substation Observer and Flood Forecasting 


HE TWO ESSENTIALS of a flood fore- 
casting program are data and methods. 
Without forecasting methods, it is almost im- 
possible to interpret the data and translate 
into accurate stage forecasts. On the other 
hand. basic facts are vital in the devel- 
opment of these methods, and without current 
reports of rainfall, river stage. snow. and the 
like. the best forecasting method is useless. 
The substation observer thus plays an im- 
in the success of the Weather 


portant role 


Bureau's flood forecasting service. From the 
network of climatological stations manned 
observers comes 


by unpaid co-operative 


information which is needed in the 
ration of the 


quired to formulate forecasts. 


prepa- 


many curves and charts re- 
From among 
this same group of observers many are se- 
lected as reporting observers. The stations 


are selected from those that are most use- 
ful in the development of procedures. 
Reporting observers operate under instruc- 
tions which vary somewhat from area to area 
depending on the river problems. Generally. 
however. they are instructed to wire or tele- 
phone a report to the Weather Bureau River 
District Office whenever one-half inch or more 
of rain is observed at 7 a.m. and to continue 
reports every six hours until the rain ends. 
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They also mail a postcard report each time 
rain is measured at the regular observation 
time. 
day that the river is above an established 


River observers usually report every 


critical stage at their station. 


Reporting observers are generally paid 
either a smail fee for each report or a small 
Available funds are so lim- 


ited that these observers’ wages are more a 


monthly wage. 


token payment, and do not represent a true 
compensation for services rendered. Some 


observers in remote locations must go long 
distances to read their river gage or to reach 
a telephone from which to file a report. They 
are sometimes called out of bed in the middle 
of the night to read their gages, and in a real 
emergency some have been asked to report 
The 
storms that cause floods often disrupt com- 
munications, and the observer may have to 
get his report through by amateur or police 
radio or other emergency means. 

The Weather Bureau has always felt that 
the real incentive to such observers is not the 


every hour or two, day and _ night. 


meager wage but rather the sense of a public 
They know that their re- 
ports are vital if warnings are to be issued 


service well done. 


in time to prevent loss of life and property 
along our streams. 
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The Hydrologic Services of the Weather Bureau 


RAY K. LINSLEY, JR.. ASSISTANT CHIEF FOR HYDROLOGY 
DIVISION OF CLIMATOLOGICAL AND HYDROLOGIC SERVICES, U.S. WEATHER BUREAU 


YDROLOGY, the science which deals 

with the and behavior of 
water on the earth, is necessarily closely re- 
lated to meteorology, since weather events 
such as snow and rain directly affect the flow 


occurrence 


of streams. 
that the Signal Corps of the Army in the 
1870's and 1880's undertook in a limited way 
to forecast floods as well as weather, nor that, 
when the Weather Bureau was established, 
in 1891, Congress gave it basic authority to 
Since the 


It is not surprising, therefore, 


“oage and report the rivers.” 
creation of the Weather Bureau, its River and 
Flood Forecasting Service has been an im- 
portant, though perhaps little known, phase 
of its activities. 

Beginning on the Potomac, Savannah, and 
Lower Mississippi rivers, service was gradu- 
ally expanded until almost the entire country 
is included in the 85 river districts now ac- 
tive (Fig. 1). A history of the early ac- 


tivities of the service would make interesting 
reading. Limited by a very restricted under- 
standing of the phenomena of floods. ham- 
pered by inadequate communications and 
small appropriations, the service early es- 
tablished a high reputation for accuracy. In 
the flood of 1894 the Portland, Oregon, sta- 
tion was credited with saving over $200,000 
worth of property in that city alone. In 1895, 
the forecaster at Cairo, Illinois. devised the 
scheme of posting forecasts and warnings on 
a large bulletin on a river steamer so that all 
interests could be informed of the situation. 

For many years the general plan of oper- 
ation of the River and Flood Forecasting 
Service was not changed, although the service 
gradually 
steadily improved. 


expanded and _ techniques 
In the early 1930's the 
federal government embarked on an extensive 


was 


program of flood control, soil conservation, 
hydroelectric power development and other 
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Fig. 1. The distribution of the 85 river districts now active in the River and Flood Forecasting 
Service of the Weather Bureau. 
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A hydrograph plot for the Cottonwood River at Cottonwood Falls, Kansas. 























The material 


was compiled for the month of October, 1941, at the Kansas City river forecast center. 


water control work. Hydrology. which had 
hitherto been largely a descriptive science. 
received a tremendous impetus and many 
research projects were inaugurated in = an 
effort to develop the quantitative phases of 
the science. 
rapidly developed. and in 1937 the Weather 


Bureau began employing hydraulic engineers 


Techniques and procedures were 


to bring to the river and flood program the 
scientific aspects of hydrology. 

New forecasting 
placed in operation in the Susquehanna and 


procedures were soon 
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Fig. 3. The runoff relation for the 
River at Jug Bridge, Maryland, with curve-families 


superimposed. In the example shown by the 
arrows, a runoff of about 414 inches is indicated. 


Monocacy 
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Was 
given to many other river districts. How- 
ever, the first major addition to the program 
was made in 1945. when a program of quan- 
titative water supply forecasting for the 
western states was initiated. This fol- 
lowed in 1947 by the establishment of river 
and Kansas 


Potomac River basins. and assistance 


was 
forecast centers at Cincinnati 
City. and in the following year similar cen- 
ters were established at St. Louis. Tulsa, and 
Harrisburg. Also, the water supply forecast 
work formerly conducted from Washington 
was turned over to centers at Salt Lake City 
and Portland, Oregon. The establishment of 
these centers marked the first real change in 
program since the beginning of the service. 
Trained hydrologists with modern techniques 
were available to make forecasts undisturbed 
by the tremendous pressure of telephone in- 
quiries and press deadlines under which the 
river district officials were obliged to work. 
Relieved of the responsibility for preparing 
the forecasts. the local official can devote his 
efforts to interpretation and dissemination of 
river forecasts exactly as he does for weather 
forecasts, secure in the knowledge that the 
forecasts are as accurate and timely as mod- 
It is hoped that 


ern hydrology will permit. 
be estab- 


similar forecast centers can 
lished to serve the rest of the country. 


soon 
How FLoop Forecasts ARE MApDE 


The cause of nearly all floods is heavy 
rain, and hence a network of reporting rain- 
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fall stations constitutes the first essential of 
a flood forecasting service. The observers 
are paid a small fee. either on a monthly 
wage or a “per-call” basis. Their reports 
are transmitied by phone or telegraph to the 
river district office representing the area. In 
addition to rainfall reports, messages indi- 
cating river stages at key points along the 
streams are also received. 

The reports assembled at the river district 
office are transmitted as a combined message 
via TWX the 


center. As the come off 


connections to river forecast 
data the TWX 
machines. they undergo a detailed and thor- 
ough analysis. The entire technique of anal- 
ysis and forecasting is carefully planned in 
advance, and all employees are so thoroughly 
trained that the procedure may be accom- 
plished in a minimum of time with no chance 
Precipitation data 
are plotted on base maps so that the fore- 


for errors or omissions. 


caster may determine the average over par- 
ticular tributary basins. 
converted to discharge and plotted on con- 
tinuous hydrographs (Fig. 2). Hourly air- 
way weather reports are analyzed to deter- 
mine the time during which precipitation 


River stages are 
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occurred, and a weighted value of precipita- 
tion over a 30-day period prior to the storm 
is computed, 

The forecaster is then ready to predict the 
rainfall off the 
land and enter the stream. For this he uses 


amount of which will run 
a relation developed by graphical analysis of 
storms during the past 10 years of record 
(Fig. 3). Entering with the known data for 
the current storm and following the arrows. 
he computes that 4.5 inches depth of runoff 
will occur. He then turns to a tool called the 
unit hydrograph (Fig. 4). These graphs tell 
him what the shape of the runoff hydrograph 
will be for any given duration of rainfall and 
rainfall Selecting 
the proper graph for the existing conditions, 
he multiplies the ordinates by 4.5 (the esti- 
mated runoff) this to the 
which would have occurred had there been 


pattern of distribution. 


and adds flows 


no rain. The result is a predicted hydro- 
graph for a particular river station from 
which the river height may be determined for 
any specific time. A similar must 
be followed to prepare a forecast for each 
headwater station. 

On very small streams the flood crest may 


process 


UNIT HYDROGRAPHS 
FOR 
VARIOUS DURATIONS 


- 24 HOUR 


24 »” 36 


TIME IN HOURS AFTER START OF RAINFALL EXCESS 





Fig. 4. A unit hydrograph chart, with the discharge indicated for the duration of rainfall. 
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come so soon after the end of rain that it is 
not possible to collect the data, determine the 
forecast, and relay it to the public in time. 
The forecaster then reverses his procedure. 
and when rain is expected computes how 


much rain will be needed to raise the river 
to flood stage. This report is transmitted to 


od uk sO 


ar 
r 
. 
* 
« 


Fig. 5. An approximate linear relation is 
obtained from the 1921 through 1944 average 
of precipitation and water-year runoff, and 
may be used as the basis of predicting runoff 
from the current-year precipitation index. Data 
for Coeur d'Alene River near Cataldo, Idaho. 


a responsible public official in the community. 
who, on the basis of rainfall reports, can an- 
ticipate flooding and warn the local residents. 

The flood forecaster’s work does not end 
with the headwater basin. He must forecast 
stages and flows at downstream stations. This 
means that he must combine the forecasts for 
two or more tributaries and move progres- 
sively downstream. As the flood wave moves 
down the river, a portion of the water during 
the rising stage is required to fill the channel, 
and is not released until the stream begins to 
fall. The forecaster takes this channel storage 
into account by a process called “routing.” 
using a graphical relation determined by 
analysis of past floods. Recently, Weather 
Bureau hydrologists and instrument tech- 
nicians have perfected an electronic circuit 
which will solve routing problems more 
rapidly and more accurately than present 
manual methods. 

Water Supply FORECASTING 

In the western states large quantities of 
water accumulate as snow in the mountains. 
This natural reservoir surpasses the capacity 
of all the man-made reservoirs in this coun- 
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try. The stored water is released by melting 
during the late spring and summer at the 
time it is most needed for irrigation. This 
lag between precipitation in the form of snow 
and its runoff into the streams makes possible 
long-range forecasts of water supply. 

The basic principles are the same as those 
for flood forecasting. but the specific tech- 
niques are vastly different. The forecasting 
relation is developed by the statistical analy- 
sis of long records of precipitation and 
stream flow. The basic data must first be ad- 
justed to correct for any changes brought 
about by changes in measurement techniques 
or movement in the location of stations. Rel- 
ative weight, determined statistically. is then 
given each precipitation station. In a like 
manner. the relative importance of each 
month from September through June is de- 
termined. and finally the contribution of the 
previous year to ground water carryover is 
established. 

The actual preparation of the forecasts is 
relatively simple. As the monthly reports of 
precipitation are received from co-operative 
stations, the forecaster enters these amounts 
on his computation form. Each station 
amount is properly weighted. the total 
weighted for the month, and the contribution 
of the previous year added. The forecast of 
stream flow can then be read from the curve 
(Fig. 5). 

It is obvious that on January Ist much of 
the precipitation for the season has not yet 
occurred. and hence a forecast in final terms 
cannot be made. In lieu of a specific esti- 
mate. the Weather Bureau forecasts give five 
possible values, assuming that the precipita- 
tion yet to come may equal the median. quar- 
tiles. or extremes of the record. The odds 
for each forecasting value being known. the 
operator may select that which must control 
his operations. Each month the percentage 
of observed data increases and the range be- 
tween the five estimates decreases (Fig. 6), 
until on April Ist the limits are so close that 
the irrigater or power engineer is in a posi- 
tion to adjust the remainder of the operating 
season to the forecast having the best chances 
of verification. In utilizing the forecasts, the 
operator is in a position to make substantial 
savings in planning purchase of seed. acreage 
of land to be planted, and fuel to be pur- 
chased to supplement hydroelectric power. 
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HYDROMETEOROLOGICAL STUDIES 


River forecasting is not the sole function 
of the Hydrologic Service Branch of the 
Weather Bureau. Hydrology is an important 
phase in the design and operation of flood 
control works, water supply systems, irriga- 
tion projects, and similar works, and the 
great mass of meteorological data and knowl- 
edge accumulated by the bureau can make 
important contributions. Hydrometeorologi- 
cal studies are an interesting phase of this 
co-operation with design agencies. One fac- 
tor every designer must be concerned with 
is the safety of his project. 
encountered in the event of failure of almost 
any structure. and in the case of a large dam 
failure may result in damages downstream 
many times the value of the dam itself. Con- 
sequently. the designer is entitled to know 


Some loss is 


what the most severe flood conditions might 
be at the dam. although economic considera- 
tions may require that the structure be de- 
signed for some lesser flood. 
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Fig. 6. A sample of a progressive forecast 


chart, in this case for the Yellowstone River 
at Miles City, Montana, in 1947-48. 
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In 1939, a co-operative arrangement was 
made with the Corps of Engineers, Depart- 
ment of the Army, through which a Hydro- 
meteorological Section was established in the 
Weather Bureau to make studies of maximum 
possible storms for various river basins as 
assigned by the Corps of Engineers. In 1945, 
a similar section called the Co-operative 
Studies Section was established to serve the 
Bureau of Reclamation in a similar manner. 

Drawing on a reservoir of carefully ana- 
lyzed data on over 1,000 major storms pre- 
pared by field offices of the engineers, these 
sections determine for each assigned basin 
the maximum possible precipitation or com- 
bination of precipitation and snow melt that 
could occur. The result is usually expressed 
as a family of curves showing average depth 
of precipitation as a function of area and 
duration. In addition, these sections serve 
as consultants to their respective agencies on 
many other special problems. The Hydro- 
meteorological Section has prepared a de- 
tailed report on thunderstorms, and is cur- 
rently engaged in a study of hurricane winds 
in Florida. The Co-operative Studies Section 
has developed a technique for estimating 
normal annual precipitation on the basis of 
topographic parameters. 





SEPTEMBER SNOWSTORM 


A total snowfall at Helena, Montana, of 7.5 
inches on September 10-11, this year, was the 
greatest recorded so early in the season in the 
70 years that records have been maintained, ac- 
cording to R. A. Dightman, USWB meteorolo- 
gist there. The greatest amount of snow on the 
ground at any one time was 6.2 inches, measured 
at 11:10 a.m. on the 11th. 

In the surrounding area, Bozeman reported 
4% inches of snow, Butte and Anaconda four 
inches, and.smaller amounts occurred over most 
of the state west of the 109th meridian. The 
snowstorm was produced by the interaction of 
a cold polar air mass with a warmer, fairly 
moist air mass, rain gradually changed to snow. 

Temperatures fell rather sharply from the 80's 
on the 9th until many maximums did not reach 
40° on the 11th. Freezing was quite general on 
the morning of the 12th, and the minimum of 
22.2° at Helena was a record so early in the 
season. 

With shade trees in the city still carrying 
their summer foliage, the snow was sufficient 
to cause severe damage to a large number of 
older and larger trees. Traffic was slowed over 
nearby mountain passes, but no road closures 
have been reported. 
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FORECASTING THE WEATHER 


The Weather Types of North America — 5 


ROBERT D. ELLIOTT 


AMERICAN INSTITUTE OF 

|! WAS POINTED OUT previously (Weath- 
erwise, February, 1949) that there are two 
type zones tor North America, one embracing 
the sector from 135° west to 90° west and the 
other cevering the North American area to the 
east ot 90° west The types which have thus 
tar been shown tor the eastern zone are merely 


those which normally follow the respect.ve west- 


ern zone types. Several different eastern zone 
types may actually follow from a given western 
zone type, the weather pattern in the narrow 
transition area between the two zones depending 
upon the character of the types involved 

It is a characteristic of the eastern zone that 
the type moving out of the area may leave be 
hind a trailing trontal zone in the Gulf of Mexico 
which lingers on until the next type moves in. 
\s the frontal trough of this new type moves 
eastward it often causes the development of a 
new low (cyclogenesis) on the Gulf front. The 
Gulf wave then moves northeastward, thus pro- 
foundly affecting the weather pattern in the 
eastern zone. There are two types of Gulf 
waves, and they are denoted Ga and Gb. These 
will be cle scribed below. 

\s wonter yields to spring, there occurs a 


shift in the region of cold air-mass 


}« culiar 


‘ 


AEROLOGICAL RESEARCH 


genesis to the north. There are fewer and 
fewer cases ef cold air-mass outbreaks having 
their origin in Alaska and northwest Canada 


and an increasing number of outbreaks from 
the Hudson Bay area. It would appear that the 
the Northern Hemisphere shifts 
eastward, which indeed it starting out in 


northeastern Siberia in winter and shifting over 


cK Id pole of 


does, 


to Greeniand by summer. 

In the spring and early cold 
waters of the Hudson Bay warm up much more 
s‘owly than the land surfaces in these northern 


summer the 


regions, and they therefore act as a cold source, 
producing and maintaining a high 
On occasion, this high extends 


capable of 
pressure area. 
well southward into the Middle West and tends 
to persist in one position for some time. Lows 
moving in from the west are shunted southward 
around the high. This called Ha. On 
other occasions the high, ora portion ot it, moves 
almost due south along the East Coast and ap- 


type is 


pears to merge with the Bermuda high cell (a 
western lobe of the subtropical Azores cell). 
This is called type Hb. 

During late summer and autumn, hurricanes 


may be a factor of importance in the Gulf and 


East Coast regions. The various hurricane tra- 





TYPE Ga OF NORTH AMERICAN WEATHER TYPES 














40 so 60 70 60 50 140 120 00 80 60 SO 40 70 60 
ey eae ee eee ye mo 
° . ore oe 
i 
: /. 
~ < 
x be — 
nor 
1 ao = 
” 
eof 
+ 
x 
h 
so} 
\ x 
. 
y 
so] 
q 
| 7 
| 
| * 
20] 
r 4 
a0} 
* 
1 
3x0 20 20 











110 WEATHERWISE 





October, 1949 


jectories have been given different type designa- 
tions, but these will not be discussed here. 

\s in the preceding issues, the types are rep- 
resented by schematic diagrams, each diagram 
the number of days required for one 
North 


each 


covering 
advance eastward 
The mean upper-level flow for 
dashed lines and arrows. 
\reas of persistent high pressure are delineated 
double arrows indicate tra- 
jectories of major polar outbreaks. Successive 


cyclone to 
\mer.ca. 
type is indicated by 


across 


by stippling and 
daily positions of a single cyclone and its asso- 
ciated frontal system are shown in conventional 
weather map fashion. 


TYPE Ga 

The upper-level pattern is characterized by a 
trough in the East which tends to steer the 
Gulf wave northeastward along its eastern edge. 


There is usually an upper-level crest located 
between 110° and 130° west. 
At the surface, a frontal remnant from the 


preceding weather type has lingered in the Gulf 
ot Mexico and, as a frontal trough from a new 
type eastward into the eastern zone, 
a wave forms on this front. It advances north- 
eastward, passing inland west of New Orleans, 
then moves up just west of the Appalachians, 
becoming more intense and active as it moves. 
Because there is an influx of warm moist tropi- 
cal Gulf air northeastward, copious precipitation 
eccurs in the Gulf states, the Ohio Valley, the 
eastern Great Lakes area, and all along the Ap- 
palachians. Cold air moves in behind this low, 
but the excessive warmth preceding the cold 


advances 


front passage is usually of greater extreme than 
the succeeding cold, and temperatures are above 


nermal from the Mississippi eastward south of 
the 45th parallel, but near normal or below in 
the batance of the eastern zone. 

This type most often follows the occurrence 
of western types having an upper-level 
mean crest position between 110° and 130° west, 
which includes all the B-north types. It is most 
frequently observed in winter and spring 


zone 


TYPE Gb 
There is present a rather sharp crest aloft 
near 100° west and a trough along the East 


Coast. Usually a trough exists also somewhere 
near or off the West Coast. 

\t the surface, a frontal from the 
preceding weather type has lingered in the Gulf 
of Mexico. The next frontal trough advancing 
eastward in conjunction with the new type 
causes a wave to develop on this front. The 
east-northeastward, entering the 
coast New Orleans. While it 
the southern Appalachians, a peculiar thing 
happens. A new low center forms off the Caro- 
lina coast. This immediately becomes the domi- 
nant storm and advances northeastward up the 


remnant 


Wave moves 


east of crosses 


East Coast, deepening rapidly as it progresses. 

Precipitation is moderate to heavy in Alabama, 
Georgia, and all along the east of the 
mountains. This type produces New England's 
“northeasters” and, in winter, accounts for most 
of the snowstorms which occur from Washing- 
ton, D.C., southward along the 
plains. To the north, it may or may not produce 
heavy snows on the eastern seaboard depending 
upon the proximity of the Atlantic storm center 
to the coast. 

Because a 


coast 


eastern coastal 


considerable amount of cold air 
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TYPE Ha OF NORTH AMERICAN WEATHER TYPES 
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100° west. A 


crest at a mean position of 95° to 
and 


is drawn southward behind the deepening low, 
temperatures are generally below normal in the trough exists along or off the East Coast 
eastern zone. there is often a weaker trough in the western 
Chis type most often occurs following an A zone. 
or D type in the western zone. It is most fre- At the surface, an unusually obstructive Hud- 
quently experienced in winter. son Bay high extends southward in the form of 
a ridge, with a separate high center over the 
TYPE Ha Great Lakes. This high is quite persistent, and 
The characteristic features aloft are a slight lows moving in from the west are deflected 





TYPE Hb OF NORTH AMERICAN WEATHER TYPES 




















130 








112 WEATHERWISE October, 1949 





southward around it. The eastward progress of 
a wave is indicated on the diagram, but move- 
ments erratic with this type that it is 
difhcult to present a meaningful picture. 

Precipitation is greatest in the 
Valley and in the Gulf states, with abnormally 
dry weather in 
high. 

Temperatures are below normal in the North- 
east, elsewhere near or above normal. 

This type is most frequently experienced in 


are so 
Mississippi 


the region dominated by the 


spring and late winter. It usually occurs in 
conjunction with the E types of the western 
zone. 

TYPE Hb 


\loft there is an anticyclonic flow pattern in 
flow toward the west in the 
Gulf of Mexico and the Caribbean, toward the 
north in the south central states, and toward the 
east in the northeast states. A trough normally 
exists along the West Coast. 

At the surface, the Bermuda high cell (west- 
ern lobe of the Azores subtropical high cell) is 
quite strong and prevents frontal systems from 
invading the Southeast. It completely dominates 
the weather in the southeast and Gulf states 
where hot humid weather is the rule, with 
thunderstorms along the Gulf Coast, in the 
lower Mississippi and Ohio valleys, and over the 
mountains. To the north, over Quebec and Hud- 
son Bay, high pressure prevails with cool rela- 
tively dry air at the surface. This cool air 
pushes southward some distance through New 
England and the central Atlantic states as de- 
picted in the diagram. The nearly east-west 
frontal zone separating the and warm 
air masses sometimes advances southward, then 
recedes northward, as cool and warm air masses 
battle for position. To the heavily populated dis- 
tricts of the northeast coast, the position of 
this front may mean the difference between cool 
sea air and hot humid air. Thunderstorms can 
be expected right in the frontal zone. 

This type occurs almost exclusively in the 
summer. 


the southeast, a 


cool 





ANOTHER “WETTEST SPOT 
ON EARTH” 


A new contender for the dubious title of “the 
wettest spot on earth” has been brought forward. 
It is the peak of 5,080-foot high Mt. Waialeale 
on Kauai, Hawaiian Islands. 

An average annual fall of 474.11 inches has 
been registered there during the past 37 years, 
and the fall during 1948 amounted to 624 inches, 
or 52 feet of water. 

During the present season a new rain gage 
is to be delivered to the summit by helicopter 
since the rain-soaked sides of Waialeale make 
packing up a heavy rain gage very difficult. 
The new gage will operate on the siphon prin- 
ciple and thus it will have an unlimited capacity. 
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wind 






direction 
wind 

velocity — 
at a glance! 


Here's a chance for every amateur weath- 
erman to add to the accuracy of his hob- 
by! WINDIKATOR — a _ precision-built, 
pocket-size anemometer — gives exact 
wind direction, wind velocity at a glance! 
Non-magnetic, rust and corrosion resist- 
ant, WINDIKATOR is guaranteed accu- 
rate. $8.75. Leather belt carrying case 
$1.50. Model A indicates velocity 5-30 
MPH, Model B, 10-60. If your dealer 
can't supply you, write Dep't. W-10... 


The H. M. SAWYER & SON CO. 


Cam ge, Massachusetts 












Postpaid 


The New 
HI-LO 


MAXIMUM - MINIMUM 
THERMOMETER 


A practical, accurate, easy-to-read dial-type in- 
strument for amateur or professional use. In- 
dividually calibrated frictionless movement. 
Instantly reset by center knob. No magnet to 
lose. Weatherproof aluminum case, chrome 
trim. Heavy convex glass. Diameter approxi- 
mately 4 inches. Attaches solidly to wall, or 
outside window casing with swivel bracket 
which is included. 

A Christmas gift any man will treasure for a 
lifetime. 

Send check or M. O. No COD’s please. 
Money back in 10 days if not delighted. 
Circular on request. 

HOWARD MANUFACTURING CO., Dept. W-1 
BOX 394 BOSTON 17, MASS. 











WEATHERWISE 113 








PRECISION HUMIDITY DATA 


in - - a minute 


rat 1-ar\ k ngnt $1110n SO t ter « Ss 
fast . A high ca ity driv kept in t 1 reservoir d 
rither irrent or dr tes nsiant us 
c + r + 
Siac: A dropper bottle, for reserve si o 

then over wet bulk to assure full ac Eetille’d weiter and aU. § Weath 
curacy in 60 seconds or less. Effect of Bureau Bulletin. for computina relative 

hy th co LorcYt ic liry : ae slate clas 
I breath and body heat is elimi humidity. cre included 


STOCK CATALOG 
SPECIFICATIONS RANGE DIVISIONS NO. PRICE 


ep ila ncaa 20° to 120°F 1 22000 $55.00 


81 in. wide, ? in. deep, 1] in. high. 9 Ibe....... 98° to 180°F 1 23010 65.00 


H-B INSTRUMENT COMPANY 


Instruments for Science and Industry Since 1910 


2633 TRENTON AVENUE PHILADELPHIA 25, PA. 
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UZZ is an ideal weatherman. 
when called by 


Never grumpy 
long distance phone during 
the middle of the night, he always relays an 
accurate observation that does much to ease the 
nervous tensicn in the 
When all othe 


off by 


flood itorecaster’s office. 
observation points may be cut 
Buzz remains on the job, 
ever ready to report the slightest change at his 
station. 


rising waters, 


Buzz is a nickname for the Stevens Telemark, 
an uncanny device for signalling water level 
This system played a 
big part in the accurate forecasting of the great 
Columbia River flood of 1948, and at the present 
time the Authority keeps 

Buzz on duty at a!l times on 
the upper reaches of the Columbia basin. 


Portland just 


readings by telephone. 


Bonneville Power 


four cousins ol 


long 
then writes down the readings trans- 
simple 


The forecaster at calls 
distance 

mitted in code by the robot reporter, 
who keeps constant tabs on what the river is 
doing. The Telemarks of the 
\uthority are installed in gaging 


stations of the U. S. Geological Survey, sharing 


Sonneville Power 
concrete 
space with graphic water level recorders. 

The Telemark is controled by a float, which 
water in the float well. The float 
pulley, turned by the rising and falling float, 
governs the pos-tions of the ridged disks inside 
the Telemark, 
pending on the 


rests on the 


three or four, de 
range in whether 
tenths or hundredths of feet are to be registered 
Fach instrument used by 
When the 


a contact arm begins to revolve, sweep 


which may be 


stage and 


Bonneville has four 
disks. relemark is called by tele 
phone, 
ing over the ridged disks, and the instrument 
buzzes its signal over the telephone. 

for example, “Buzz, buzz,” 
which you transpose by 


You may hear, 


two shorts, writing 
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The Stevens Telemark, known as “Buzz.” 


\fter a 


val of silence. 
write zero. 
buzz,” 
decimals, you 

The contact 


moment of 
buzz, buzz, buzz.”’ and write 4. 


And, after 
and you jot down 


hear, “Buzz, 
\nother inter 
“Buzz-zz-zz": you 
“Buzz, 


silence, you 
Then a long 
another pause, 
2. Pointing off two 
read the water level: 24.02 feet 
arm makes one complete revolu- 


tion as it signals the numbers corresponding to 


the water level. 
complete a signal from 


It requires about a minute to 


four-disk Telemark. 


Buzz also operates in many other parts of the 


world. He is 


employed by water 
bureaus and u.cilities; by the 1 en- 
ressee Valley Authority; and by 
the Panama Canal Zone. Even in 
remote Australia and New Zea- 
land, he performs important 
duties in reducing property dam 
age and in preventing loss of life. 


many city 


In this tower (six feet square) at 
the head of Celilo Falls, Oregon, 
on the Columbia River, Buzz shares 
space with a water-stage recorder 
of the U. S. 


Geological Survey. 
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Weather Recorder 


pf of the change will be. 
Price $58.00 complete. 


} 





WEATHER INSTRUMENTS 
for Forecasting and Teaching 


Wind Velocity Indicator 


This precision-built instrument 
gives accurate readings of wind ve- 
locity from 5 to 35 miles per hour. 
Just hold it by the handle so that 
it faces directly into the wind. Wind 
pressure causes ‘“‘speed cup’”’ scale 
to rotate until figure representing 
correct wind velocity registers with 
pointer on scale window. 
Price — $32.00 complete. 


Write for Bulletin 763 


/ 
BACHARACH INDUSTRIAL INSTRUMENT COMPANY 


7000 Bennett St., Pittsburgh 8, Pa. 








“An excellent, 


authoritative and 





ff 
recommended book.” Rainfall and Rane 


—MILITARY ENGINEER 


RAINFALL *~ 
ano RUNOFF 


By E. E. Foster. A comprehensive, up-to- 
date reference on the latest and best met} 
ods and instruments for determining 
amount, distribution, frequencies and 
tensities of precipitation, runoff and floods 
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and for measuring evaporation and gro 
water, with a systematic presentation of 
jata from hundreds of hydrologic studies 


made during the last 20 years in all parts 

of the country 

179 charts, graphs and maps. 92 tables. 
$9.00 AT YOUR BOOKSTORE OR FROM 


THE MACMILLAN COMPANY 
60 Fifth Ave., New York 11 
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The BAROSCRIBE Recorder 
draws, on a 7-day replaceable 
chart, a continuous graph of 
atmospheric conditions which 
control the weather. Only this 
hour-by-hour record will give 
you a complete picture of the 
ever-changing barometric pat- 
tern from which you can predict 
when a change in weather will 
take place and what the nature 












RECENT LITERATURE 
ON HYDROLOGY 


Elements of Applied Hydrolegy, Johnstone and 
Cross (Ronald Press); Hydrolegy, Wisler and 
Brater (Wiley); Applied Hydrology, Linsley, 
Kohler, and Paulhus (to be released by Me- 
Graw-Hill, Oct., 1949); Rainfall and Runoff, 
Edgar E. Foster (Macmillan): The Hydrologic 
Handbook, American Society of Civil Engineers. 


Topay, there exists a working library in 

hydrology that has no counterpart in the 
literature of this rapidly developing applied 
science. For many years there was almost com- 
plete dependence on the classical works of 
Meyer and Meade. Throughout an extended 
interim of 20 years the journals of technical 
and scientific societies were the sole media of 
dissemination, with the exception of the sym- 
posium on hydrology, as volume IX of the 
Physics of the Earth series, National Research 
Council, edited by the late O. E. Meinzer (see 
below). Hydrologists will therefore welcome 
the five recently published books on hydrology 
now available to them. These works are held 
together through a mutual dependence on the 
hydrologic cycle as the basis of contents. There 
are, however, sufficient deviations in emphasis 
and in the mode of presentation to insure, 
among the five, the most comprehensive treat- 
ment of modern hydrology, the science having 
as its base the waters of the earth 

It is to be noted that in all cases the authors 
are engineers. This has not prevented Foster, 
and Linsley, Kohler, and Paulhus, from in- 
cluding a comprehensive discussion of meteor- 
ology in support of the subsequent phases of 
the cycle involving runoff, infiltration, and 
ground water. All seek to serve the engineer- 
hydrologist who must plan, build, and operate 
flood control and water utilization projects, and 
to this end graphical displays and working tables 
are believed to be adequate. Not content with 
the theoretical and empirical interpretation of 
hydrologic data, all of the works reviewed give 
guidance to the identification of data sources 
and to data processing. The extent to which 


NEW BOOKS RECEIVED 
Hyprotocy. Edited by Osear E. Meinzer. Dover 
Publications, Inc., New York, 1949. 714 pages. $4.95. 

This is Volume IX in “Physics of the Earth 
Series” and was originally published in 1942. Twenty- 
four experts have contributed 15 chapters that oc- 
cupy 714 pages. Much material is presented here 
that is not contained in the ordinary meteorological 
text. Of special interest to practicing weathermen 
will be the chapters on Evaporation, Snow and Snow 
Surveying, Glaciers, and Soil Moisture. 
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provided varies rather widely 
through the series. The Hydrologic Handbook 
will be found to carry references to 21 items 
of hydrologic literature, many of which are 
identified in the text as the most appropriate 
for use by the handbook user. 

Perhaps it can be said that the hydrologist 
has acquired the first foot of his ultimate x-foot 
book shelf. MERRILL BERNARD, Chief 

Climatological and Hydrologic Services 
U. S. Weather Bureau 
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RADAR AND RAINFALL 
G. E. Stout, and F. A. Huff, Report of Investi- 


gation No. 3, State Water Survey Division, Ur- 


mine the pattern of distribution, frequency, and 
intensity of storms. 


When are conditions favorable for inducing 
precipitation by artificial means? Rainfall at a 
particular observation point might have been 


induced once every fifth day, based upon the 
fact that there were about 18 days during June, 
July, and August, which were for 
artificial seeding. However, the data only gives 
an indication that precipitation would in- 
duced. Whether the results would be different 
under field conditions requires further study and 
experimentation. 


favorable 


be 


DAVID C. WINSLOW 
Geography and Meteorology Department 
Oklahoma 


\. and M. College 


bana, Illinois, 1949. 59 pages, 3 appendices. 








ADAR, in use for several years to locate 
and track the movement of rainfall areas, | Save $3.05 By Ordering Now! 
successfully indicated the spatial extent and | 


the relative intensity of precipitation in experi- 
mental work carried on by the Illinois State 
Water Survey Division in co-operation with the 
Pfister Hybrid Corn Company of El Paso, IIli- 
nois. The project was organized for the inten- 
sive study of the precipitation pattern in a small 
area of central Illinois, southeast of Peoria. 
From the undertaking, it is planned that prac- 
tical application of the technique may be de- 
veloped for precipitation studies on watersheds. 
Since there is considerable variation in precipi- 
tation over short distances in Illinois, the use of 
the new tool, radar, becomes essential to deter- 


HYDROLOGY 


| Prepared by the National Research Council 

| A “must” for your personal reference library on me- 
teorology . . . Written by 24 top experts, headed by 
the late Oscar E. Meinzet . Complete coverage of 
the whole hydrologic cycle — precipitation — evapo- 
ration — droughts — transpiration ‘ Over 700 
pages, 165 illustrations, 23 tables... Originally pub- 
lished at $8.00... New unabridged edition tempo- 
rarily priced at Only... — . $4.95 
Order direct from Dover Publications, Inc. 
Dept. WW, 1780 Broadway, New York 19, N. Y. 
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.» » a welcome addition 
to the weatherman’s book shelf” 


W eatherwise 


TECHNIQUES OF OBSERVING THE WEATHER 


By Benarthur C. Haynes 








Of the many favorable comments we have received on 
Techniques of Observing the Weather, we think the 
following excerpts from a review in U. S. Air Services 
describe Mr. Haynes’ book very well. 


“This is a manual of observational procedures that makes 
weather recording so simple even a child can understand it... 
From it learn not only how to record the weather, but 
many pertinent facts about the weather to be recorded, and 
also about the instruments that supply the material for the 
Observations, both surface and aloft, are dealt with, 
and by the time you reach the back cover you feel as ready 
to estimate the speed and direction of a cirrus cloud as you 
do to manufacture your own instruments for determining ait 
pressure and temperature in your own back yard.” 


you 


record. 





SOYIDOM B44 BUIAIOSGO 40 rendre, 


1947 272 illus. $4.00 


pages, 
Copies obtainable on approval for 10-days’ examination. 
Send for your copy today. 


JOHN WILEY & SONS, INC. 


Dept. W-10, 440 Fourth Ave. 
New York 16, New York 
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WORKSHOP FOR WEATHERMEN 


CONDUCTED BY CHARLES A. LAIRD 


How to Construct 8-32 size. The disk and paper chart are mounted 
1 ‘his, using two nuts. ‘The pie tin is mounted 
an Ombroscope on two upright brass strips in the manner shown, 
and thumb screws, such as those which come 
on standard No. 6 dry-cell batteries, may be 
d for ease in removing the clockwork. 
The clock, rotating disk and chart, and pie 
in cover are set on an angle so that rain, 
falling through the slit, will run off the chart 


called an ombroscope, will show the time of 
and not spread around on it \ll metal parts 


HAT time did it rain last night \n of 
repeated question, particularly among 
amateur weathermen. 
The apparatus described here, sometimes 


beginning and end of rainfall over any 12-hour 


or 24-hour period Basically, the instrument 
consists of a disk about six inches in diameter, _——— 
rotated by an ordinary clockwork. A disk © 


paper, of the same diameter as the disk rotated 
by the clock, is ruled with ordinary maetw.c¢ 
pencil or copying ink, as shown in the figure. 
Covering the rotating disk and paper chart is a 
“rain shell,” which may be maue ot a common 
8-inch pie tin Or you may construct one of 
sheet metal. 

As shown in the phantom drawing, a. slit 
about '-inch wide is cut in the pie tin, radia.ly 
from near the center toward the outer edge. 
\s the ruled paper chart revolves under this 
slit, time lines are exposed and any rain falling 
through the slit will strike the chart and show 
up there, changing the ruled lines to a brighter 
color. When the chart is removed, bright 
colored lines will show the times of rainfall. 

Construction of this apparatus is quite simple. 








The assembly is mounted on a section of %- \ phantom view of the ombroscope, showing 
inch or 34-inch plywood. The clock, which can the clockwork supported by two upright brass 
be an old alarm clock, may be fastened to a strips. 

slanted block of wood by a brass strap, or 

bolted to two upright pieces of %-by-%-inch should have one or two coats of enamel or 
or similar sized brass stock. It must be mounted aluminum paint to prevent rust. If you care 
high enough so that the winding key is acces to, you may use more time lines than the hour 


supports the and half-hour lines shown in the example. <A 


sible. The rotating disk which 
of bond paper should be used for 


ruled paper chart should be made of thin sheet good grade 
the charts. 

If you can obtain two small gears, of a 2-to-1 
ratio, you may design this instrument so the 


metal. 

A small length of brass tubing is soldered to 
the hour-hand staff of the clock. Its diameter 
will depend upon the type of clock you use. chart will revolve once in 24 hours instead of 
In the outer end of this short piece of brass 12. If no rain has fallen in a particular 12- o1 
tubing is soldered a section of a brass bolt. with 24-hour period, let the chart continue to revolve 


2) 


its head cut off. It will probably be 6-32 or until rain has been recorded. 


% ” (Left) \ sample of one ROTATING DISK —\ Fy 
of the recording charts, “PIE TIN" 6 tt? rf 
*-. - a | 
. " with half-hour divisions. 4 CE 
( so CLOCK 
(Right) A side view of a esbe 
& e ° model in which the clock is : 
‘ supported by a block to O 
which it is clamped by a ae 
7 brass strip. Drawings and CLOCK MOUNTING 
: BLOCK 
diagrams are by Charles a 
s Ps A. Laird. ig 
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Style in Barometers 


PENDANT BAROMETER 


This beautiful instrument has an all-wood walnut frame and 
bezel. Its silver dial has Stormoguide face for indicating 
weather trends. Barometer movement is compensated for tem- 
perature and has an adjustment for altitude. The thermom- 
eter scale is mounted on a molded panel; the tube is filled 
with easy-reading red liquid. Barometer dial diameter is 6 
inches; overall size is 31 by 9 inches. No. 2410H ............ $54.50 


SOLITAIRE 
mn ~6 SLORMOGUIDE 


This simplified weather forecaster, styled by 





Walter Dorwin Teague, is set in a solid block 
of crystal-ciear plastic. The metal base is gold 


finished with trim to match. The signal device 





automatically indicates whether the baromete1 





is rising or falling. The fine-quality movement , td 


has altitude adjustment for elevations from 0 to 


3,500 feet. The instrument measures 7% by 614 2596 

es ee rer renee $30.00 
COMBINATION BAROMETER 
ee eee Three weather instruments — barom- 





eter, hygrometer, thermometer — 
combined in one striking case styled 
by Walter Dorwin Teague. The crys- 
tal-clear plastic panels have frame 
and dials in gold finish, with figures 
and graduations in white lettering. 
An ideal gift for the modern home. 
Its open-center dial shows the fine 
temperature-compensated barometer 
movement. Altitude adjustment, 0 to 
3,500 feet. The overall size is 12 by 
2592 6 by 4% inches. No. 2592 .... $75.00 





“Everything for the study and practice of meteorology.” 


Science Associates 
101 North Broad Street Philadelphia 8, Pa. 
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of ‘America’s 
foremost 


weather instruments 


Two New Instruments 


Phe measurement of relative humidity and the necessary indi- 
cating and recording of data are ever-present factors in indoor 
weather. Two new Bendix-Friez instruments will soon be avail- 
able to help in this work. Look for the new Plygrodial and the 
new Model 160 Portable Vemperature and Tlumidity Recorder, 


both available this Fall. 


These instruments employ tricd and tested techniques developed 
by Bendix-Friez in its 73 vears of manufacturing for science and 


industry. 


FRIEZ INSTRUMENT DIVISION 


PRODUCT OF pi BH. 
RATION y f o 
OF BENDIX AVIATION CORPO ° (Fesy ix” 


Baltimore 4, Maryland AVIATION CORPORATION 








